In an effort to further our interest in understanding basic chemistry of interstellar molecules, we carry out here an extensive investigation of the stabilities of interstellar carbon chains; C n , H 2 C n , HC n N and C n X (X=N, O, Si, S, H, P, H -, N -). These sets of molecules accounts for about 20% of all the known interstellar and circumstellar molecules, their high abundances therefore demand a serious attention. High level ab initio quantum chemical calculations are employed to accurately estimate enthalpy of formation, chemical reactivity indices; global hardness and softness; and other chemical parameters of these molecules. Chemical modeling of the abundances of these molecular species has also been performed. Of the 89 molecules considered from these groups, 47 have been astronomically observed, these observed molecules are found to be more stable with respect to other members of the group. Of the 47 observed molecules, 60% are odd number carbon chains. Interstellar chemistry is not actually driven by the thermodynamics, it is primarily dependent on various kinetic parameters. However, we found that the detectability of the odd numbered carbon chains could be correlated due to the fact that they are more stable than the corresponding even numbered carbon chains. Based on this aspect, the next possible carbon chain molecule for astronomical observation in each group is proposed. The effect of kinetics in the formation of some of these carbon chain molecules is also discussed.
Introduction
As more and more interstellar and circumstellar molecules are observed, our understanding of the chemistry of these molecules is either strengthened or challenged depending on whether the new molecules fall within or outside the boundaries of their expected basic chemistry. These observations also put a constraint on the different chemical models. The fields of astronomy, astrophysics, astrochemistry and astrobiology have witnessed dramatic changes in the last few decades as a result of the advances in science and technology. In addressing the chemical origin of life and for the proper understanding of the solar system, there has been a constant and consistent searching for molecules in the interstellar and circumstellar media resulting in unique observation of about 200 different molecular species till date. The year 2014 has seen unparalleled observations of nine new interstellar and circumstellar molecules including the first branched chain molecule in space, namely, isopropyl cyanide, an important biological molecule; urea, the sulphur analogue (ethyl mercaptan) of the well known interstellar alcohol; ethanol, among others and the confirmation of many others (Remijan et al. 2014; Belloche et al. 2014; Agúndez et al. 2014; Anderson & Ziurys 2014; Kolesniková et al. 2014 ).
Almost on a regular basis, carbon chain molecules such as C n , H 2 C n , HC n N and C n X (X=N, O, Si, S, H, P, H -, N -) are astronomically observed. Till date, the largest claimed straight chain interstellar molecule is the cyanopolyne, HC 11 N; a linear carbon chain molecule. Among the carbon chains, there seems to be no easily understood trend or pattern within the observed molecules. In the C n N and C n N -chains, with the exception of C 2 N, only the odd number carbon chains are observed from n=1 to n=6 (Jefferts et al. 1970; Friberg et al. 1980; Guélin et al. 1998; Thaddeus et al. 2008 , Agúndez et al. 2010 Cernicharo et al. 2008; Anderson & Ziurys 2014) . Whereas in the C n H chains, both odd and even number chains are observed between 1 and 8 but in the C n H -, only even number chains are observed (Swings & Rosenfeld, 1937; Tucker et al., 1974; Guelin et al., 1978; Thaddeus et al., 1985a; Cernicharo et al., 1986 Cernicharo et al., , 2007 Suzuki et al., 1986; Cernicharo & Guelin, 1996; Guelin et al., 1997; McCarthy et al., 2006; Brunken et al., 2007) . Among the cyanopolyne chains, between 6 and 12 carbon atoms, only odd number chains are observed (Snyder & Buhl 1971; Turner, 1971; Avery et al., 1976; Kroto et al., 1978; Broten et al., 1978; Guelin & Cernicharo, 1991; Bell et al., 1997; Cernicharo et al., 2004) while in the C n Si group, all the molecules between carbon 1 and 4 have been observed (Thaddeus et al.1984; Cernicharo et al. 1989; Ohishi et al. 1989; Apponi et al. 1999 ). This type of confusing trend is observed among the different groups of linear interstellar carbon chains.
As part of our interest in understanding the basic chemistry of interstellar and circumstellar molecules, the present work focuses on the interstellar and circumstellar carbon chains; C n , H 2 C n , HC n N and C n X (X = N, O, Si, S, H, P, H -, N -). High level quantum chemical calculations are applied to accurately determine the enthalpies of formation, chemical reactivity indices; global hardness and softness; and other chemical parameters of these molecules. Chemical modeling of the abundances of these molecular species has also been performed; the results are used in accounting for the general observation of more odd carbon chains than the even carbon chains and the dominance of the even carbon chains in a few cases. The possible candidates for astronomical observation among the carbon chain molecules are also considered.
Computational Details:
The results of the quantum chemical calculations reported in this work were obtained using Gaussian 09 suite of programs (Frisch et al., 2009) . In order to estimate accurate enthalpies of formation that are in good agreement with the experimental values (where available) for the different carbon chains considered in this work, the G4 composite method was employed. The choice of the G4 composite method is borne out of experience as it has been shown to compute enthalpies of formation to chemical accuracy (Curtiss et al. 1998 (Curtiss et al. , 2007a . The geometries of these molecules were optimized at the G4 level, harmonic vibrational frequency calculations were used to characterize the stationary nature of all the structures with equilibrium species possessing only real frequencies. The reported zero-point corrected standard enthalpies of formation of the carbon chains were calculated from the optimized geometries. The enthalpies of formations were calculated from atomization energies. With G4 computational method and accurate experimental values of standard enthalpy of formation of the constituent elements involved, very high accurate enthalpies of formation can be estimated for different set of molecular systems. Atomization energies (sometimes referred to as the total dissociation energies) were evaluated using the calculated values of energies (sum of electronic and zero-point energy corrections). In calculating the enthalpy of formation (∆ f H) at 0 K for all the molecules reported in this study, the experimental values of standard enthalpy of formation of elements C, H, O, N, P, Si and S reported in literature were used (Ochterski, 2000) . Chemical reactivity indices such as global hardness (η) and softness (S) have been calculated for different carbon chains examined in this study. For the computation of S and η, we use DFT method with B3LYP/6-311g++(d,p) basis set of Gaussian 09 program. First, we calculate the Ionization potential (I) of the desired species by computing the energy (ground state optimized energy) difference between the cation and neutral and Electron affinity (A) by computing the energy difference between the neutral and anion. Chemical hardness is calculated by η=(I-A) (Parr & Pearson 1983) and softness is calculated by 1/η . The chemical modelling of the abundances of these carbon chain species is described alongside with the obtained results under the discussion section.
Results and Discussion:
The results of the quantum chemical calculations at the G4 level of theory obtained for all the carbon chain molecules are presented and discussed in this section (3.1 to 3.11). In all the cases, the reported zero-point corrected standard enthalpies of formation (Δ f H O ) are in kcal/mol. Section 3.12 examines the effect of kinetics on the formation processes of these carbon chains. In section 3.13, chemical reactivity indices and chemical modelling supporting the observed results in the previous sections are presented and discussed before the final conclusion.
3.1 C n Chains: Apart from their importance in astrophysics, astrochemistry, and astrobiology, pure carbon chain molecules such as C 2 , C 3 , and C 5 are of great interest in combustion chemistry, flames and propellants. Table 1 shows enthalpy of formation and current astronomical status of carbon chain (C n ) molecules considered in this study. Rotational spectroscopy has been the dominant tool in the chemical examination of interstellar and circumstellar media with about 90% of all known interstellar and circumstellar molecules observed via their rotational transitions. However, the application of rotational spectroscopy in this field is hampered by the fact that it is only limited to molecules with permanent dipole moment (Etim and Arunan, 2015) . The C n chain molecules have no permanent dipole moment; hence their pure rotational transitions cannot be measured. All the known interstellar C n chain molecules have been observed in the infrared region through their vibrational transitions.
From Table 1 , there is a steady increase in the enthalpy of formation of the C n chains as the chain length increases. With the exception of C 4 which is yet to be observed. All the lower members of the chains with lower enthalpies of formation have all been detected (Souza & Lutz, 1977; Hinkle et al., 1988; Cernicharo et al. 2000; Bernath et al., 1989) . With respect to the effect of thermodynamics, the lower members of the chains with lower enthalpies of formation are more stable, than the higher members of the chains with higher enthalpies of formation. Figure 1 shows the plot of the enthalpy of formation of the C n chain molecules estimated at the G4 level. The lower members of the chains remain the most likely candidates for astronomical observation as compared to the higher members of the chains. As C 4 is yet to be observed and C 5 has already been observed, it is likely that C 7 having a larger enthalpy of formation may be observed before C 6 having a lower enthalpy of formation. Souza & Lutz,1977;  b Hinkle et al., 1988; Cernicharo et al. 2000; c Bernath et al., 1989. 3.2 C n O Chains: The C n O group presents an interesting set of carbon chain molecules containing two (carbon and oxygen) of the four most important biological elements. Unlike the C n chains that lack permanent dipole moment, the C n O chains all possess permanent dipole moment, hence, all the known interstellar/circumstellar C n O molecules have been observed via their rotational transition spectra. The enthalpy of formation and current astronomical status for all the C n O molecules considered in this study are presented in Table  2 while Fig. 2 depicts the plot of the enthalpy of formation for these molecules. Of the six molecules considered in the C n O group, the first three (n=1 to 3) have been astronomically observed (Smith & Stecher, 1971; Ohishi et al. 1991; Matthews et al. 1984) . The trend of the enthalpy of formation is the same as in the case of the C n chain molecules. The odd number carbon chain molecules are found to be more stable (lower enthalpy of formation value) that their corresponding even number carbon chain molecules. The interstellar chemistry of oxygen and sulphur is well coupled, with over 80% of all the known S-containing interstellar molecules having their corresponding O-containing molecules as known interstellar molecules. Also, in most of the cases, the abundance of S-compound relative to its Oanalogue is approximately equal to the cosmic S/O ratio Frerking et al. 1979) . The high probability of C 5 O as an interstellar molecule stems from two important facts; C 5 O has lower enthalpy of formation as compared with C 4 O and C 6 O, it is therefore more stable in ISM, thus can possibly be observed as compared to C 4 O and C 6 O. Secondly, C 5 S, the sulphur analogue of C 5 O has recently been observed and Ocontaining molecules are known to be more abundant in ISM than their corresponding Sanalogue. Hence astronomical observation of C 5 S is a clear indication of the presence of C 5 O in detectable abundance in ISM. Matthews et al. 1984 3.3 C n S Chains: IRC+10216, the carbon-star envelope has emerged as one of the richest sources of molecules with over eighty different molecular species so far observed in it. Alongside other molecular clouds, all the known C n S molecules were observed in IRC+10216. As discussed in the previous section, the interstellar chemistry of oxygen and sulphur is very similar in many ways. Of the four (CS, C 2 S, C 3 S, C 5 S) observed molecules in the C n S group (Penzias et al. 1971; Saito et al. 1987; Yamamoto et al.1987; Cernicharo et al. 1987; Agúndez et al. 2014) , 3 (CS, C 2 S, C 3 S) three have the corresponding O-analogues as known interstellar molecules. Whereas C 5 S has been astronomically observed, C 4 S and C 6 S are not. This could be correlated with its enthalpy of formation value (Table 3 ) as compared to those of C 4 S and C 6 S. As shown in Table 3 and Figure 3 , all the odd number C n S chains have lower enthalpy of formation than their corresponding even number C n S chains, hence they are more stable, likely more abundant and can thus be more easily observed than the even number counterparts. Agúndez et al. 2014 3.4 C n N Chains: The long carbon chain radicals like C n N have long been thought to be present in the interstellar and circumstellar media in detectable abundance and supposed to play an important role in astrophysics. A number of fundamental interstellar molecules were first detected in space before being observed in the gas phase in the terrestrial laboratory, these include HCO + , C 2 H, HNC, HN 2 + (Guélin & Thaddeus, 1977) among others, thus most of them were termed "non-terrestrial". Cyanoethynyl radical, C 3 N is one of such molecules whose identification was guided by the ESR spectrum of a related species, C 4 H (butadinyl radical). The astronomical observations of C 2 N and C 5 N were hindered by lack of accurate spectroscopic data. Their astronomical observations became possible immediately after their laboratory microwave spectra were measured (Jefferts et al. 1970; Friberg et al. 1980; Guélin et al. 1998; Anderson & Ziurys 2014) . Table 4 and Figure 4 indicate a constant gradual increase in the enthalpy of formation of the C n N chain molecules. A good correlation between the observations of the lower chains (except for the C 4 N) with the enthalpy of formation is seen. Guélin et al. 1998 3. 5 C n Si Chains: Every unique astronomical observation of molecule(s) in the interstellar or circumstellar medium has always been a concerted effort between the laboratory spectroscopists and the astrophysicists. The successful detection (after a number of failed attempts) of SiC in IRC+10216 (Cernicharo et al. 1989) , came immediately after the successful measurements of its laboratory spectrum. Whether cyclic molecules are chemically less abundant than their related linear species in the interstellar or circumstellar medium has been the question for decades now, due to the fact that of about 200 known interstellar and circumstellar molecules, only about 10 are cyclic. However, of the 4 known C n Si molecules, 2 are cyclic. The ground state geometry of SiC 2 was shown to have a compact symmetric (C 2v ) ring against the earlier believe that SiC 2 is linear. The proper elucidation of its ground-state geometry became instrumental for its astronomical observation (Thaddeus et al. 1984) . Figure 5 shows the most stable geometry for the SiC 3 molecule which is the rhomboidal isomer. The experimentally determined bond lengths of c-SiC 3 by method of isotopic substitution measurement (Apponi et al. 1999 ) and the theoretically calculated bond lengths at the G4 level are in good agreements as shown in Figure 5A and 5B respectively. Table 5 and Figure 6 show the enthalpies of formation for all the C n Si molecules considered in this study, there is a steady increase in the enthalpy of formation value as the carbon chain increases except for the c-C 2 Si. The observed molecules are also the most stable molecules (Cernicharo et al. 1989; Thaddeus et al.1984; Apponi et al. 1999; Ohishi et al. 1989 ). The enthalpy of formation for the linear C 3 Si molecule; 221.687 kcal/mol is about 10kcal/mol higher than the most stable isomer, which is the cyclic structure. The detection of more silicon-carbon molecules in IRC+10216 in particular (where all C n Si chains have been observed) and other astronomical sources await laboratory spectra of such molecules. Ohishi et al. 1989. 3.6 HC n N Chains: The largest claimed interstellar linear molecule; the cyanopolyne, HC 11 N belongs to the HC n N chains. The enthalpies of formation of these molecules follow a unique trend with the odd number carbon chains being more stable than their preceding and the next even number carbon chains as shown in Figure 7 depicts the zigzag pattern of the enthalpies of formation of the HC n N chains. Of the 8 molecules belonging to the HC n N carbon chain that have been detected in interstellar and circumstellar media (Snyder & Buhl 1971; Turner, 1971; Avery et al. 1976; Kroto et al., 1978; Broten et al., 1978; Guelin & Cernicharo, 1991; Bell et al., 1997; Cernicharo et al., 2004) , only two (HC 2 N and HC 4 N) are even number carbon chains while the remaining 6 are odd number carbon chains (HCN, HC 3 N, HC 5 N, HC 7 N, HC 9 N, HC 11 N). A very good correlation between the observations of more odd number HC n N chains and their enthalpy of formation values in comparison to the even number HC n N chains is seen. The odd number HC n N are found to be more stable, and thus may be more easily observed as compared to the even number HC n N chains. From this analogy, HC 13 N is a more probable candidate for astronomical observation than both HC 12 N and HC 14 N. Accurate laboratory rest frequencies of HC 13 N will be crucial for its astronomical searches and possible detection. 3.7 C n H Chains: Discoveries of cyanopolynes set the pace for the recognition of long chain molecules in space, such as C n H, C n H -etc. The acetylenic chain (C n H) radical from n=1 to n=8 have all been observed in space, (Swings & Rosenfeld, 1937; Tucker et al., 1974; Thaddeus et al., 1985a; Guelin et al., 1978; Cernicharo et al., 1986; Suzuki et al., 1986; Cernicharo & Guelin, 1996; Guelin et al., 1997) . The steady increase in the enthalpy of formation of these chains as the carbon chain increases is shown in Table 7 and Figure 8 . Most of the C n H radicals could be termed as "non-terrestrial" as they were first observed in space using results from quantum chemical calculations prior to being studied in the laboratory. They are believed to grow steadily in the recombination phase of interstellar medium (Suzuki 1983 ). In the carbon rich astronomical sources such as TMC and IRC+10216 where all the known C n H chains radicals have been detected, successive members of the C n H chains (n˃8) are more likely to exist. Cernicharo & Guelin, 1996 3.8 C n P Chains: Just like sulphur and oxygen, phosphorus (the 18th most cosmically abundant element) and nitrogen are in the same group in the periodic table. Whereas the similarity between the interstellar of sulphur and oxygen is well established with almost all Scontaining interstellar molecules having the O-analogue as a known interstellar molecule, this is not the case in terms of the interstellar chemistry of N-containing molecules and the Panalogue with only very few known P-containing molecules as compared with the large number of N-containing interstellar/circumstellar molecules. This is due to the cosmic ratio of phosphorus and nitrogen as compared with the cosmic ratio of sulphur and oxygen. Table  8 and Figure 9 display the enthalpy of formation for all the C n P chains considered in this study. The only two astronomically observed molecules in this group; CP and C 2 P (Guelin et al., 1990 , Halfen et al., 2008 are also the most stable, thus they may be detectable. Likewise the C n H chains, there is a corresponding increase in the enthalpy of formation value for every successive increase in the carbon chain. Guelin et al., 1990 , b Halfen et al., 2008 3.9 H 2 C n Chains: Interstellar acetylene is a well known starting material in the formation processes of many interstellar and circumstellar species (Rigway at al., 1976 , Lacy et al., 1989 . For the molecules with the empirical formula, H 2 C 3 , both the linear and the cyclic isomers have been observed in the Taurus molecular cloud, i.e., TMC-1 , Thaddeus et al., 1985b . The cyclic isomer is now recognized as a common feature of many molecular clouds/astronomical sources. The polyacetylenic chains C 4 H 2 and C 6 H 2 have been observed in the proto-planetary nebula CRL 618 (Cernicharo et al., 2001 ) via their infrared vibrational spectra. The first three carbon chains in the H 2 C n group have been astronomically observed as shown in Table 9 and Figure 10 , the next most likely observable member of this group is not H 2 C 5 , neither is it H 2 C 7 , rather it is the H 2 C 6 .The even number carbon chains in H 2 C n are more stable than their corresponding odd number carbon counterparts, thus probably accounting for the astronomical observation of more even carbon chains than the odd number carbon chains in this group. Thaddeus et al., 1985b;  d Cernicharo et al., 2001 3.10 C n N -Chains: Among the ion molecules in interstellar and circumstellar media, the positive ions are known for long and observed while the negative ions are only known for less than a decade. Of the eight C n N -chains considered here, only three have been astronomically observed; CN -, C 3 N -and C 5 N - , Cernicharo et al., 2008 Agúndez et al. 2010 ). The observed molecules (odd number carbon chains) are found to be more stable than the others. CN -is more stable than C 2 N -; C 3 N -is more stable than both C 2 N -and C 4 N -; C 5 N -is more stable than both C 4 N -and C 6 N - (Table 10 ). Figure 11 depicts the plot of the enthalpy of formation of these molecules which shows a zigzag pattern as noted in the case of the HC n N chains. Following the order of their astronomical observations, C 7 N can be considered as the next probable candidate for astronomical observation as it is more stable than both the C 6 N -and the C 8 N-. (Cernicharo et al., 2007; McCarthy et al., 2006; Brunken et al., 2007a) . Theoretically estimated enthalpy of formation for the C n H -(n=1 to 10) chains using the G4 composite method is presented in Table 11 , the same is also displayed in Figure 12 . The even number carbons chains are more stable than the preceding and the next odd number carbon chains; C 2 H -is more stable than CH -and C3H, C 4 H -is more stable than C 3 H -and C 5 H -, and so on. The rotational spectrum of C 2 H -is known (Bru¨nken et al., 2007b) , its astronomical observation is a function of time. The three astronomically detected C n H -are all even number carbon chains; these are the most stable which might accounts for their observation as compared to the preceding and the next odd number chains in each case which have not been observed. Table 12 gives the summary of all the different carbon chains that have been considered in this study, it is obvious from the table that in each group, the number of the odd and even number carbon chains observed depend on the trend of the enthalpy of formation of the molecules in that group. The odd number carbon chains are found to be more stable than their corresponding even number carbon chains in most of the group ( Figure 13) ; this might has resulted in the observation of more interstellar odd number (≈60%) carbon chains than the even number carbon chains. 
Figure13: Percentage of detected odd and even number carbon chains

Effect of Kinetics on the Formation of Carbon Chains
The effect of kinetics in the formation of carbon chain species both in the terrestrial laboratory and in the interstellar medium cannot be overemphasized. Though there is hardly a consensus as to how any molecule (especially the complex ones with six atoms and above) is formed in the interstellar medium, but the C 2 addition is the widely claimed route for the formation of the linear carbon chains. In the terrestrial laboratory, unsaturated molecules like acetylene, diacetylene, etc., are used as the source of the C 2 in producing the carbon chains while in the interstellar medium, acetylene which produces the C 2 is generally accepted as the starting material for the formation of these carbon chains (Thaddeus et al., 1998; McCarthy et al., 1997; . With respect to the carbon chains discussed here, a good correlation between the enthalpy of formation and observed abundances has been seen. For instance, in the C n O chains where the odd numbered carbon chains are more stable than their progressive even numbered chains, C 2 addition to the lower chains to form the higher chains clearly favours the odd numbered chains as compared to their corresponding even numbered chains. A C 2 addition to CO to form C 3 O is likely to have a lower barrier as compared to C 2 addition to C 2 O to form C 4 O, which could account for the delayed observation of C 4 O. This is also applicable to the C n S chains, a C 2 addition to C 3 S to form C 5 S (astronomically observed) is more favourable than a C 2 addition to C 2 S to form C 4 S (yet to be observed). And this goes on to the higher members of the chains. Also, in the HC n N and C n N -chains, C 2 addition to form higher members of the chains is likely to favour the odd numbered carbon chains as compared to the even numbered chains which explains the trends in the astronomical observation of these species. In the case of C n Si, H 2 C n , and C n H -chains where the even numbered carbon chains are more stable than their corresponding odd numbered chains, it is crystal clear that C 2 addition to the lower members of the chains is more likely to favours the even numbered carbon chains as compared to their odd numbered counterparts. For instance, a C 2 addition to HC 5 N to form HC 7 N is could be more favourable than C 2 addition to HC 4 N to form HC 6 N which has not been detected. Correlation between the effects of kinetics in the formation of these species is seen even for the chains with a linear increase in the enthalpy of formation like the C n H, C n P, C n N and C n chains.
Other Studies Supporting the Above Results:
The correlation between the thermodynamics and observation of the linear interstellar carbon chains had been discussed in the previous sections. Here, it is also correlated with the chemical reactivity indices such as, global hardness (η) and softness (S). Soft species are more reactive and unstable in comparison to the hard species. Larger values of S indicate that the species are more unstable and larger values of η indicates that the species are more stable. All the parameters are pointed out in Table 13 . For the simplicity in Fig. 14, we have shown the softness values for the carbon chain species. 3.13.1 Chemical modelling: Need for chemical modelling is ever increasing because of the recent development of various sensitive ground based and space-borne facilities as well as the vast data produced by the low temperature laboratory experiments. Chemical modelling plays a very important role to understand the empirical outcome of the observational results. We use our large gas-grain chemical network (Das et al. 2013 , 2015a , 2015b , Majumdar et al. 2014a , 2014b for the purpose of chemical modelling. We assume that gas and grains are coupled through accretion and thermal/non-thermal/cosmic ray evaporation processes. Details of these processes and chemical network were already presented in Das et al. (2015a Das et al. ( , 2015b . Gas phase chemical network principally adopted from UMIST 2006 (Woodall et al. 2007 ) database. Since UMIST 2006 database does not consider some of the carbon chain molecules, we include their reactions from UMIST 2012 network (McElroy et al. 2012) . These databases contain different assorted reaction pathways and rate coefficients from the literature and therefore our calculated thermodynamical parameters do not seem to play any role inside this modelling.
Physical aspects:
Chemical enrichment of a molecular cloud is interrelated with the surrounding physical conditions and age of the cloud. Depending on the densities (n H ), temperatures (T) and visual extinction (A V ) parameters, Snow & McCall (2006) classified various types of clouds. Das et al. (2016) also assumed these classifications in their model. For the diffuse cloud region, they considered that n H may vary between 100 − 500 cm -3 , T may vary in between 30 − 100 K and A V = 0.2, for the translucent cloud region, we used n H = 501 − 10000 cm -3 , T = 15 − 30 K, A V = 1 − 2 and for the dense cloud region, we used n H = 10001 − 1000000 cm -3 , T = 10 K and A V = 5-10. In order to consider more realistic condition, they considered different temperatures and extinction parameters for various regions of clouds. They used constant slopes for T and A V in respective number density windows. In diffuse and translucent clouds regions, gas and grains are not well coupled. So, temperature between these two phases might vary. However, in dense cloud regions gas and grains are strongly coupled and the temperature would be more or less the same for both the phases. They assumed that the grain temperature is always fixed at 10 K for all the clouds and for the gas temperature (T gas ), we assume T gas = T. Here we present the results for the dense and translucent cloud regions. Following Das et al. (2015a) , we use n H =2 x 10 4 cm -3 , T gas =10K, T gr =10K, A V =5.05 for dense cloud and n H =5 x 10 3 cm -3 , T gas =22.89 K, T gr =10K, A V =1.47 for translucent cloud.
We assume that initially most of the hydrogens were in the form of molecular hydrogen. Our adopted initial condition is shown in Table 14 . The choice of our initial condition was based on the study of Leung, Herbst & Huebner (1984) . These initial low metalicity elemental abundances are often used to calculate molecular abundances in cold, dense clouds. Gas phase species are allowed to accrete on the grains with a sticking coefficient of 0.3. Surface species are allowed to migrate through the grain surface depending upon their binding energies. Binding energies of the surface species are taken from some past studies (Allen & Robinson 1977; Tielens & Allamandola 1987; Hasegawa & Herbst 1993; Hasegawa, Herbst & Leung 1992) . Chemical evolution of the carbon chain molecules are shown in Fig. 15 (for dense cloud region) and Fig. 16 (for translucent cloud region). For the dense cloud region, gas phase abundances of the carbon chain molecules are decreased at the latter stages (~10 6 years).
This happened due to the heavy depletion of the gas phase species. Since, depletion time scale is inversely proportional to the number density of a cloud, for translucent cloud region, no such depletion is prominent around the latter stages. Abundance of interstellar species is not driven by thermodynamic stability of that species, it primarily depends on some other factors like: formation and destruction rate of the species, relative concentration of the interacting species, size of the species (here it depends on the number of carbons in it), etc.. For example, for the formation of C n X, it would require some extra reaction steps in comparison to the formation of C n-1 X). So, while comparing the abundances of any species with the effect of thermodynamics, it should be with appropriate weighted average. Peak and final abundances of these species are shown in Table 15 after 10 6 years. Keeping in mind all these aspects, abundances might be correlated with the energy and stability values of several carbon chain species. Few prominent examples of these correlations could be seen from Fig.  15 , Fig. 16 and Fig. 16 and Table 15 , we find that C 6 H -is comparatively more abundant as expected.
b) From Fig. 10 , it is evident that H 2 C 6 is more stable than H 2 C 5 , H 2 C 7 , H 2 C 8 . Same thing is also prominent from Fig.16 , Fig. 16 and Table 15 . Conclusion: A comprehensive investigation of different interstellar carbon chain molecules; C n , H 2 C n, HC n N and C n X (X=N, O, Si, S, H, P, H -, N -) with a total of 89 species have been carried out using high level quantum chemical simulation to determine their accurate enthalpies of formation, chemical reactivity indices; global hardness and softness; and other chemical parameters of these molecules. Chemical modeling of the abundances of these molecular species has also been performed. From the results, in all the groups considered, the most stable molecules have been astronomically observed. The next possible candidate for astronomical observations in each of the carbon chain groups considered is proposed. The effect of kinetics in the formation of some of these molecular species is shown to be correlated with our observations.
